Abstract: The objective of the present study was to estimate genetic parameters of milk yield (MY), intake traits, type traits, body condition score (BCS), and number of breedings (NOB) in first lactation Canadian Holsteins with a focus on the possibility of using type traits as an indicator of feed intake. Data were obtained from the Canadian Dairy Network and Valacta. A mixed linear model was fitted under REML for the statistical analysis. The multivariate (five traits) model included the fixed effects of age at calving, stage of lactation, and herdround-classifier for type traits; age at calving, stage of lactation, and herd-year-season of calving (HYS) for BCS; age at calving and HYS for MY, feed intake, and NOB. Animal and residual effects were fitted as random effects for all traits. Estimates of heritabilities for MY, dry matter intake (DMI), angularity, body depth, stature, dairy strength, final score, BCS, and NOB were 0. 41, 0.13, 0.24, 0.30, 0.50, 0.30, 0.22, 0.20, and 0.02, respectively. Genetic correlations between type traits and DMI ranged from 0.16 to 0.60. Results indicate that type traits appear to have the potential to predict DMI as a combination/index of two or more traits.
Introduction
There is a shift in worldwide breeding programs from production-centered selection toward including other traits of direct or indirect economic significance such as type and fertility traits (Miglior et al. 2005) . Selection for higher production has undesirable correlated effects on metabolic, reproductive, and health traits in dairy cattle (Rauw et al. 1998 ). This could be due to the fact that the correlated increase in feed intake from selection on production covers only 48% of the extra nutrients required for the increase in milk yield (MY) (van Arendonk et al. 1991) . Consequently, an energy gap between energy input and output results, which is partially compensated by the mobilization of body tissues (Veerkamp 1998; Ageeb and Hayes 2006) and which results in a negative energy balance (NEB) in high-yielding dairy cows in the early part of lactation (Goff and Horst 1997) . The adverse effects of NEB on health status and reproduction are reported in many studies (Senatore et al. 1996; Pryce et al. 1998; Roxstrom et al. 2001; Berry et al. 2003; Walsh et al. 2011) . Energy balance is directly related to the feeding-healthreproduction complex in dairy cows Ingvartsen et al. 2003) . The problem of NEB could possibly be solved, at least partially, by increasing the energy content of the diet. However, increasing the proportion of concentrates in the diet beyond 60% could lead to acidosis and other related problems in dairy cows [National Research Council (NRC) 2001] . Another possibility is to consider feed intake of cows in a genetic selection program. Feed intake in dairy cattle has moderate heritability (van Elzakker and van Arendonk 1993; Ageeb and Hayes 2006; Banos and Coffey 2010; Berry et al. 2014) , and therefore, improvement in feed intake through genetic and (or) genomic selection is possible . Feed intake might be considered in a selection index using appropriate weights to improve biological efficiency and to help reduce health and fertility problems in dairy cows. Currently, there is no direct selection for feed intake in practice because individual feed intake is not being recorded on most commercial farms (Lovendahl et al. 2010) . Recording individual feed intake in dairy cattle seems complex and costly and less accurate under field conditions than under experimental conditions. An easy to use, inexpensive, and accurate method of individual feed intake recording for commercial dairy cows would be desirable as such information would be ideal for use in a selection index. Another option is to look for some alternative traits which are easy and inexpensive to record and which might serve as suitable predictors of feed intake in dairy cows (Leuthold et al. 1992) . Type traits would be one possibility for use as alternative traits to predict feed intake and for use in indirect selection for feed intake in dairy cattle. Type traits have been investigated for their suitability for the prediction of other traits which are difficult to measure and cannot be improved directly (Berry et al. 2004; Sewalem et al. 2004) . Type traits are routinely recorded in most breeding programs. International conversions of sire-predicted transmitting abilities for type traits are available (Veerkamp and Brotherstone 1997; Berry et al. 2004) . Measuring type traits is relatively easier and less expensive than measuring feed intake, and they can be measured early in life, mostly in the first lactation. A well-established type classification system is continuously generating accurate data on various type traits in Canada (Canadian Dairy Network 2006) . Therefore, type traits could be investigated as convenient and cost-effective traits that may be used as indirect predictors of feed intake of dairy cows.
Previous studies have reported phenotypic (Gravert 1985; Sieber et al. 1988 ) and genetic (Veerkamp and Brotherstone 1997; Parke et al. 1999; Vallimont et al. 2010 ) correlations between feed intake and type traits. Gravert (1985) was the first to propose the usefulness of chest circumference as a predictor of feed intake. Sieber et al. (1988) reported negative phenotypic correlations between estimated feed efficiency (milk energy content/net energy consumed) and seven body measurements. Veerkamp and Brotherstone (1997) observed that chest width and body depth had moderate positive genetic correlations (0.20-0.34) with dry matter intake (DMI) from complete mixed diets for the first 26 weeks of lactation in UK Holstein dairy cows. In another study, Parke et al. (1999) observed low to moderate genetic correlations (0.18-0.29) between total energy intake and capacity, size, and stature in Canadian Holsteins. In a recent study on 970 cows from 11 commercial herds, Vallimont et al. (2010) observed moderate to high genetic correlations between feed intake and stature (0.55-0.63) in US Holsteins although their reported estimates were associated with large standard errors.
Body condition score (BCS) is an indicator of energy reserves in many species, including dairy cattle. Body condition scoring on dairy farms has implications for MY, herd health, reproductive performance, animal well-being, and overall farm profitability (Bewley and Schutz 2008) , and therefore, a renewed emphasis on a balanced breeding approach in dairy cattle has increased interest in BCS. A strong negative genetic association of BCS with dairy form (-0.73) and positive genetic correlations of BCS with other type traits such as strength (0.72), stature (0.20), and body depth (0.40) have been reported in US Holstein cows (Dechow et al. 2001) . The number of breedings/services (NOB) per conception is a reproductive trait of economic interest in dairy cattle and it should ideally be 1. The genetic association between BCS during the lactation and services per conception ranged from −0.03 to −0.42 (Dechow et al. 2001; Veerkamp et al. 2001; Berry et al. 2003) . The NOB is positively genetically related to linear type traits such as stature (0.67), body depth (0.76), and angularity (0.26) as reported by Berry et al. (2004) . Most of the studies on the estimation of genetic parameters of the traits under study, and on the potential use of type traits as an indicator of feed intake, have used small data sets of accurately collected feed data from various experiments, mostly nutritional experiments. Therefore, the overall objective of the present study was to estimate genetic parameters of MY, feed intake traits, type traits (angularity, body depth, stature, dairy strength, final score), BCS, and NOB using a large historical data set on feed intake collected under commercial farming conditions, with a focus on the potential for using type traits as indicator of feed intake in the first lactation Canadian Holstein cows.
Materials and Methods

Data
While the initial data for this study contained 95 678 311 test-day feed observations, they corresponded to only 16 866 117 test-day records for 1 363 571 cows. These test-day records contained test-day information for each feed stuff consumed by each individual cow. In general, a cow was fed several different types of feed on a test day, and because each type of feed fed to a cow on a test day was stored as a separate observation in the initial data set, the resulting 95 678 311 test-day feed observations translated to a total of 16 866 117 test-day records containing feed information for each cow. The data were obtained from commercial herds enrolled in Valacta (Sainte-Anne-de-Bellevue, QC, Canada) from January 2000 to May 2007. Each test-day record had information on animal identification, herd test period number (an identification number assigned to each herd on a test day), feed code (representing feed type), quantity of feed intake for each feed, percentage chemical composition of each feed for dry matter (DM), crude protein (CP), net energy for lactation (NEL), acid detergent fiber (ADF), neutral detergent fiber (NDF), rumen undegradable protein (UTP), etc. All of the herds were tie-stall herds which facilitated individual feeding. Forty-six percent of the herds used automatic feeders which weighed and delivered the various concentrates to each cow at various times during the day. In the remaining 54% of the herds, the amounts of the various concentrates delivered to each cow were determined from the number and size of scoops of each concentrate delivered by the dairyman to each cow. The amounts of concentrates fed to each cow in herds with automatic feeders were very accurate; in the remaining herds, amounts fed are less accurate but are considered to be accurate to within 0.5 kg on a daily basis (Dr. Daniel Lefebvre, Chief Nutritionist and Manager Research and Development, Valacta, personal communication) . Forages were fed on a group basis, with about 15 cows in a group typically. The amount of forage fed to each cow was estimated by apportioning the amount fed to the group on the basis of the cow's weight, stage of lactation, and production level relative to the group average. In all, there were a total of 163 different types of feed represented in the data set, and the average number of different types of feed fed to an individual cow on a test day was 5.7. The chemical composition of the various feeds was determined by near-infrared reflectance spectroscopy (NIR) in the Valacta feed analysis laboratory or in regional Valacta feed analysis centers. In some cases, the chemical composition of the feed was supplied by the feed supplier/manufacturer. The DM, CP, ADF, NDF, and UTP were available from the chemical analysis, and NEL was determined for each feed by applying a standard prediction equation to the chemical composition of the feed (Weiss et al. 1992; NRC 2001 
where abbreviations in the equation have been described already except EE which is ether extract, assumed to be equal to total fat; ADIN is acid detergent insoluble nitrogen; Lig is lignin (% of NDF) and is computed as (lignin/100) × NDF; NDFn is NDF corrected for nitrogen. Edits applied to the data set of 16 866 117 test-day records resulted in the following test-day records being removed: 2 432 684 records belonging to cows fed a total mixed ration (chemical composition was not available for this diet); 2 386 937 records belonging to cows not in lactation; 56 records with inconsistent test date or lactation start-end date; 275 911 records belonging to cows that were sold, culled, or died during lactation; 6 667 640 records that belonged to cows in second or later parities; 97 600 records belonging to lactations longer than 700 d in duration; all records in a cow's lactation were removed if the recorded composition of a feed on any test day during the lactation was outside the range of values for feed composition listed in the Valacta Feed Reference Library (2 477 893 records). After the above edits were applied, there remained 2 527 396 first lactation test-day records. Total test-day DM, CP, and NEL intakes for an individual cow were then determined by adding the amounts of DM, CP, and NEL from all feeds fed to a cow on a test day. Next, the 305-d lactation intakes for DM, CP, and NEL (DMI, CPI, NELI) were calculated for each cow from the test-day intakes by applying the test interval method to the period between the first and last test day and using the first test-day intake as the daily intake from the lactation start date to the first test day, and likewise for the period from the last test day to the end of the lactation (or 305 d). The 2 527 396 test-day records yielded a total of 258 759 first lactation feed records (cows) each with lactation total for DM, CP, and NEL intakes. Further edits applied to the 258 759 feed records resulted in the following records being removed: 51 661 records with date of calving that preceded the beginning date of feed data collection in the present study; 11 563 non-Holstein records; 1061 records with age at calving less than 18 mo or greater than 42 mo; 48 634 records with missing cow registration numbers; 5820 records with missing pedigree information; 8 records with missing 305-d MY; 170 records with lactation length less than 120 d; 20 454 records in herd-year-seasons (HYSs) with less than three observations and with sires that did not have at least 10 progeny in five or more herds. After the above edits were applied, there remained 119 388 lactation feed records. Further details on the collection and editing of the feed data can be found elsewhere (Song 2009; Song et al. 2009 ).
Data on type traits consisted of 2 267 634 records on various type traits obtained from Holstein Canada. Type traits used for the present study were dairy strength, angularity, body depth, stature, and final score. Final score is a combination of four major traits (rump, mammary, dairy strength, and feet and legs) and its value ranges from 64 to 89 for the first lactation cows. Dairy strength is a summary score assigned to a cow based on its ratings for stature, height at front end, chest width, body depth, angularity, BCS, udder texture, and loin strength and it ranges from 4 to 9.5 for the first lactation Canadian Holstein cows. Angularity, body depth, and stature have been recorded as linear descriptive code from 1 to 9 with increments of 1. These type traits were selected for the present study considering their relationships with feed intake and energy efficiency traits reported in the literature (Veerkamp and Brotherstone 1997; Parke et al. 1999; Berry et al. 2004) . The type and feed data were merged to retain cows with both feed and type information. This resulted in 112 805 cows having both feed and type information with one record on each cow. The merged type data were subject to further editing to remove inconsistencies (Table 1) . For instance, data were restricted to the first lactation records only. Later lactation records were not used because classification in later lactations is optional, and there is a possibility that such classification records may be a biased sample (Boettcher et al. 2003) . Only first classification records were used therefore as reclassification is entirely an owner's choice and cows cannot be downgraded. Type data on cows from only Quebec province were used. The age at first calving was restricted to the range of 18-36 mo. All rounds and classifiers with less than 100 records were removed to improve accuracy. Round is a visit to a herd approximately every seventh month for type classification of cows in Canada, and classifier is an official person who performs the type classification of cows during each round. All cows with missing herd identification and missing dam registration number were eliminated. All herd-round-classifier (HRC) classes with less than three observations were removed. Records were included in the analysis only if they belonged to sires that had at least 10 daughters in five or more herds. All data editing was performed in SAS Institute Inc. (2008) . Editing reduced the data to 93 619 first lactation and first classification type records. Therefore, the final data set included 119 388 feed intake records and 93 619 type records on first lactation Canadian Holsteins. Data on 305-d lactation MY were available on all 119 388 cows. Data on BCS (30 132 cows) and number of breedings/services (NOB) (112 446 cows) were made available by Valacta. All breeding information was entered manually by advisors or technicians of Valacta at the farm. BCSs were recorded by Valacta field staff in Quebec, using a scale from 1 (thin) to 5 (fat) with increments of 0.25 as detailed in Moro-Méndez et al. (2008) and Bastin et al. (2010) . Only first recorded BCS was considered for each cow in case of more than one BCS measurements during the lactation.
Data analysis
In preliminary phenotypic data analyses, the MIXED procedure of SAS Institute Inc. (2008) was used to establish the final model for genetic parameter estimation. The following mixed linear animal model was used for feed intake traits, milk production, and NOB:
where Y ijk is the feed intake or MY record on kth animal in jth age at calving class and ith HYS of calving class; μ is overall population mean; HYS i is the fixed effect of ith HYS of calving (20 106 classes); age j is the fixed effect of jth age at calving (20 classes); animal k is the random animal genetic effect; q kl is the fractional contribution of the lth phantom parent genetic group to the genetic value of the kth animal; g l is the effect of the lth phantom parent genetic group (13 groups); and E ijk is the random residual associated with each record. For type traits and BCS analyses, the following animal model was used:
where Y ijkl type trait record on lth animal in kth days in milk (DIM) class, jth age at calving class, and ith herdround-classifier; μ is overall population mean; HRC i is the fixed effect of ith herd-round-classifier at classification (15 055 classes); age j is the fixed effect of jth age at calving (17 classes); DIM k is the fixed effect of kth days in milk at classification (25 classes); animal k is the random animal genetic effect; q lm is the fractional contribution of the mth phantom parent genetic group to the genetic value of the lth animal; g m is the effect of the mth phantom parent genetic group (13 groups); and E ijkl is the random residual error associated with each record. The above models were slightly modified for BCS and NOB, and the details are given in (Westell et al. 1988; Pieramati and Van Vleck 1993) . All the 13 phantom parent genetic groups were fitted as covariables for all traits. The complete details of various factors included for analysis of all traits are given in Table 2 .
Estimates of heritabilities (defined as the proportion of additive genetic variance to phenotypic variance) of, and genetic and phenotypic correlations among, all traits were obtained by running multivariate animal model analyses (five traits, i.e., DMI, MY, BCS, NOB, and one of the five type traits in a run) under REML using the Wombat software (Meyer 2007) . Each trait had its own fixed effects as given in Table 2 . The relative merit/efficiency (E) of indirect selection for feed intake using each type trait as an indicator of feed intake to that of direct selection for feed intake was calculated using equations proposed by Falconer and Mackay (1996) . Thus, efficiency of selection on a type trait (I) to improve the mean response in feed intake can be calculated as
where CR x is response in feed intake from indirect selection; R x is response in feed intake from direct selection on feed intake; r g is the genetic correlation between the two traits; h I is the square root of heritability of the type trait I; h X is square root of heritability of the feed intake trait. The accuracy, r AI , of type trait I as a predictor of breeding value A of feed intake is r AI = r g h I . If two or more predictor traits are combined in a selection index, I, with weights determined according to 
where G is the matrix of genetic covariances of feed intake with the traits in the index; P −1 is the inverse of P, where P is the matrix of phenotypic variances and covariances of the traits in the index; σ A is the additive genetic standard deviation of feed intake. The efficiency (E) of the index was E = r AI /h x .
Partial genetic correlations were calculated from the genetic correlation estimates obtained from the animal model analyses to investigate the nature of the genetic relationship among important traits. The following equation was used to estimate partial genetic correlations:
where r YX.W is the partial correlation coefficient between variables Y and X after adjusting for variable W; r XY is the correlation coefficient between variables X and Y; r XW is the correlation coefficient between variables X and W; and r YW is the correlation coefficient between variables Y and W.
Results and Discussion
Descriptive statistics
Descriptive statistics of all eleven traits are given in Table 3 . Means ± SD for 305-d lactation MY, DMI, NELI, and CPI were 7937 ± 1424 kg, 5999 ± 674 kg, 9577 ± 1280 Mcal, and 996 ± 140 kg, respectively. During the 305-d lactation period, cows produced approximately 26 kg of milk and consumed approximately 20 kg of DM, on average, each day. Means ± SD for angularity, body depth, stature, dairy strength, and final score were 5.81 ± 1.16, 5.75 ± 1.14, 6.19 ± 1.65, 8.14 ± 0.46, and 78.54 ± 3.55, respectively. The sampled cows had an average BCS of 2.88 ± 0.45 during lactation which is slightly higher than reported (2.66 ± 0.44) by Loker et al. (2012) for the first lactation Canadian Holstein cows. On average, samples cows required more than two (2.06 ± 1.34) breedings/ services during the first lactation, which is similar to values reported in other studies (Norman et al. 2009 ).
Effect of age at calving
Productive life and profitability of dairy cows are linked with optimum age at calving (Do et al. 2013) . To study the effects of age at calving on intake, MY, NOB, and type traits, least-squares estimates of means for each trait were plotted against age at calving classes (Figs. 1-4) . MY and three intake traits (DMI, NELI, and CPI) all increased similarly with increase in age at calving (only DMI is shown in Fig. 1 ). BCS was higher (∼3.12) in very early calving cows (around 20 mo); however, in later calving cows (21-36 mo), BCS was lower (∼2.87) at around 21-25 mo of age and it increased with increase in age at calving (Fig. 2) . The NOB were generally low in early calving cows but showed a slightly increasing but erratic trend with increase in age at calving (Fig. 2) . Angularity and stature of cows showed increase with increase in age at calving up to approximately 24-25 mo but remained static in later calving cows (Fig. 3) . Body depth and dairy strength of cows increased with increase in age at calving with a sharp increase up to 22-23 mo and a relatively steady increase thereafter, indicating that cows with higher age at first calving are likely to have greater values for body depth and dairy strength (Figs. 3 and 4) . The value of overall final (conformation) score was low for very early and very late calving cows but generally remained constant for most calving age months (Fig. 4) . The CanWest DHI (Dairy Herd Improvement, Guelph, Ontario, Canada) recommendation suggests that heifers that calve around 24 mo of age produce more milk during the first lactation with greater lifetime milk production and cows stay in the herd about the same amount of time regardless of their age at the first calving (Grexton 2011). The effects of stage of lactation on various traits of economic importance were studied (Figs. 5-7 ). For BCS, 350 daily classes of DIM were defined. The BCS showed typical curve (opposite to typical lactation curve) for the sampled population (Fig. 5) which is comparable to earlier reports on the first lactation Canadian Holstein (Bastin et al. 2010; Moore et al. 1990 ) and US Holstein cows (Vallimont et al. 2010) . It was observed that BCS was high in the beginning of lactation and showed decreasing trend up to 60-70 DIM probably due to the effect of NEB (Goff and Horst 1997) . From approximately 60 DIM, BCS showed increasing trend up to more than 300 DIM. Moro-Méndez et al. (2008) noted that the first lactation Canadian Holstein cows recovered from a BCS of 2.70 at 60 DIM to 3.16 at 300 DIM. For first 15 DIM, angularity of cows showed decreasing trend; between 30 and 100 DIM, it showed increasing trend and a slight decreasing trend toward the end of lactation (Fig. 6) . During very early days of lactation (1-6 DIM), both body depth and dairy strength of cows decreased rapidly, remained constant between approximately 7 and 30 DIM and showed a progressively increasing trend from 30 to 365 DIM which are somewhat similar to changes in BCS score during lactation (Figs. 6 and 7) . The stature and overall final score of cows showed a slight decreasing, though erratic, trend as the lactation progressed (Figs. 6 and 7) . The data suggest that DIM plays crucial role in explaining the variation in type and other traits under study during lactation in dairy cows (Joźwik et al. 2012; Loker et al. 2012; Khan and Khan 2015) .
Heritability estimates
Heritability estimates with their standard error of estimation obtained from multivariate analyses are given in Table 3 . All three intake traits (DMI, NELI, and CPI) had low heritability estimates (0.12 ± 0.01 to 0.13 ± 0.01). Low heritability estimates for intake traits in the present study could be due to some inaccuracies in measurement of feed intake data from the commercial herds or may be due to low number of observations to estimate 305-d feed records compared to that found in studies using feed data collected experimentally or not applying an appropriate statistical model. These heritability estimates were lower than those reported by Ageeb and Hayes (2006) for 305-d energy (0.30), protein (0.24), and DMI (0.35) using field-recorded data obtained from Valacta from an earlier time period. They used a sire model while an animal model was used in the current study which could be one of the reasons for the lower estimates. Genetic parameter estimates from an animal model may be slightly more accurate than from a sire model because relationships among animals are more comprehensively accounted for in an animal model analysis. The heritability estimates in the present study are in close agreement with an earlier study by Moore et al. (1990) using feed intake data from Valacta herds. They reported heritability estimates ranging from 0.10 to 0.16 for total energy intake during early and late lactations in the first lactation Holsteins. Huttmann et al. (2009) reported heritability of DMI as 0.10 based on data from 289 Holstein heifers in Germany. Vallimont et al. (2010) also reported heritability estimates for 305-d feed intake traits ranging from 0.15 to 0.18, which are close to the estimates obtained in the present study. Berry et al. (2014) , using feed data collected experimentally, found heritability estimates of 0.11 and 0.19 for feed intake in the first 70 d of lactation in Canadian Holsteins under two different statistical models. They found an overall heritability estimate of feed intake of 0.34 when experimental data were collated from nine countries. Heritability estimates for DMI across lactation ranged from 0.21 to 0.40 in a recent study on the firstparity Holstein cows by Manzanilla-Pech et al. (2014) . Manafiazar et al. (2016) obtained higher heritability estimate for lactation total DMI (0.27) in Canadian cows indicating that regulation of feed intake has a substantial genetic contribution and can be successfully altered through selection (Shonka et al. 2015) .
Heritability estimates of type traits obtained in the present study (Table 3) were in the range of earlier estimates reported in the literature (Berry et al. 2004; Vallimont et al. 2010) . Generally, type traits had moderate to high heritability estimates. Stature was observed to have the highest heritability estimate (0.50 ± 0.01), and final score had the lowest heritability estimate (0.22 ± 0.01). Heritability estimate for BCS in the present study was 0.20 ± 0.02, which is close to an earlier estimate (0.22) based on data from Valacta herds (Loker et al. 2012) . The NOB had very low heritability (0.02 ± 0.00) suggesting lower genetic control which is typical for reproductive traits in dairy cattle. The data suggest that type traits are more heritable than intake traits and hence expected to show more rapid improvement through genetic selection.
Phenotypic and genetic correlations' estimates
Estimates of phenotypic and genetic correlations among three intake traits (DMI, NELI, and CPI) indicated that the three intake traits are strongly positively phenotypically (0.96-0.98) as well as genetically (0.95-0.99) correlated. Such a strong positive relationship among the three intake traits suggested that these traits are under the influence of similar genes and may be used/studied alternatively in the sampled population. These findings are in agreement to the study of Vallimont et al. (2010) who reported genetic correlations between three intake traits near unity. In view of these findings, genetic and phenotypic correlations' estimates of only DMI with other traits under study are reported in Table 4 for simplicity and to avoid repetition. Genetic correlations between DMI and type traits were positive and ranged from 0.16 to 0.60 (standard errors of genetic correlations among traits in this study ranged from 0.01 to 0.08 and are not repeated below). Usually, phenotypic correlation estimates were of lesser magnitude than their corresponding genetic correlation estimates with the exception of final score. The direction of phenotypic and genetic correlations' estimates was the same for all pairs of traits. Genetic correlation estimates between DMI and type traits in the literature ranged from -0.02 to 0.45 (Netherland data) and 0.13 to 0.61 (US data) in the study of Manzanilla-Pech et al. (2016) . Angularity (or dairyness or dairy character), which is a linear type trait, showed the strongest genetic correlation with DMI (0.60) followed by dairy strength (0.54) which is one of four score card type traits included in Holstein Canada's new type classification system since 2006. A positive genetic correlation between DMI and angularity may be expected due to a positive genetic correlation between feed intake and production traits (Ageeb and Hayes 2006) and between angularity and MY (Berry et al. 2004 ). However, there are reports of negative genetic correlation (-0.21 and -0.02) between angularity and DMI (Veerkamp and Brotherstone 1997; Manzanilla-Pech et al. (2016) . Similarly, Vallimont et al. (2010) also observed a very weak genetic correlation of 0.01 between 305-d DMI and dairy form (angularity) in US Holstein cows from 11 tie-stall commercial herds in. Their genetic correlation estimates were associated with large standard errors, however. More recently, Manafiazar et al. (2016) obtained an estimate of 0.44 for the genetic correlation between angularity and lactation total DMI and a similar genetic correlation estimate between DMI and dairy strength (0.50) in Canadian Holstein cows using feed intake data recorded under experimental conditions.
Both body depth and stature were found to be moderately positively genetically correlated with DMI, i.e., 0.37 and 0.32, respectively, in the present study. Veerkamp and Brotherstone (1997) observed a genetic correlation of 0.34 between DMI and body depth which is in agreement with the estimate from the current study and slightly lower than the more recent estimates (0.44 and 0.49) by Manafiazar et al. (2016) and ManzanillaPech et al. (2016) , respectively. The genetic correlation between DMI and stature (0.34) observed in the present study was higher than reported by others (Veerkamp and Brotherstone 1997; Parke et al. 1999 ) but comparable to the estimates reported by Manafiazar et al. (2016) and Manzanilla-Pech et al. (2016) . Vallimont et al. (2010) also observed positive genetic correlations between stature and intake traits (0.55-0.63). Final score, which represents overall conformation score of a cow, had the lowest genetic correlation with intake traits (0.16) in the present study, which is lower than the estimate (0.25) reported by Manafiazar et al. (2016) . In other words, genetically taller, deeper, and more angular cows could have increased intake capacity. Body condition score (BCS) showed a negative genetic correlation with MY (-0.38) which is slightly larger than the genetic correlation estimate between average daily MY and BCS (-0.28) in an earlier study on Valacta data (Loker et al. 2012) . Also BCS showed negative genetic correlations with DMI (−0.14) and angularity (−0.65). In contrast, Manzanilla-Pech et al. (2016) reported a positive genetic association between BCS and DMI both for the Netherlands (0.24) and US (0.46) data. However, in agreement with the present study, Huttmann et al. (2009) reported negative association of BCS with energycorrected MY (−0.11) and DMI (−0.48). Manafiazar et al. (2016) also reported negative genetic correlation estimates of average BCS with energy-and proteincorrected milk (−0.60 to −0.70), DMI (−0.57), and angularity (−0.31) suggesting that selection for MY and (or) more angular cows may have negative consequences on cow's body condition. Therefore, as noted by Loker et al. (2012) , simultaneous selection for both BCS and milk production traits should be considered. The NOB showed positive phenotypic and genetic correlations with MY, DMI, and angularity indicating that high producing and more angular cows with higher DMI may require higher number of breeding for conception in their first parity. BCS and NOB were negatively genetically correlated (−0.24) implying that a cow with higher BCS may require lower NOB.
Indirect selection for feed intake
The relative merits of indirect selection for DMI using each type trait to that of direct selection for DMI on the cow's own record were calculated using equations of Falconer and Mackay (1996) (Table 5 ). Indirect selection for DMI is appealing as it would avoid the difficulty and cost of measuring feed intake in commercial herds, and type traits are already routinely recorded. While considering a single predictor trait, MY appeared to be most efficient in indirect selection for DMI (144%, due to its highest genetic correlation with DMI) followed by dairy strength (87%), angularity (85%), and stature (69%). In other words, indirect selection for DMI using cow's record for dairy strength and (or) angularity would have greatest response, and it would be 85%-87% as effective as selection on the cow's own record for DMI. Final score appeared to be the poorest predictor of feed intake in dairy cows and indirect selection on final score would 
(for an index of two or more predictor traits), where G is the matrix of genetic covariances of breeding value for dry matter intake with the traits in the index P −1 is the inverse of P, where P is the matrix of phenotypic variances, and covariances of the traits in the index σ A is the additive genetic standard deviation of dry matte intake. Expected efficiency (E) = CR x /R x = r AI /h x where CR x and R x are the responses in feed intake from indirect selection and direct selection, respectively, and h x is the square root of heritability of feed intake.
be only 23% as effective as direct selection for DMI. Both body depth and stature were relatively moderate predictors of feed intake and an indirect selection for DMI using body depth and stature would be 57% and 69%, respectively, as accurate as direct selection for DMI. The data suggest potential for using indirect selection approaches for improving feed intake in dairy cows using dairy strength, angularity, stature, and body depth in the order of priority.
So far we have considered the suitability of a single type trait in predicting feed intake in dairy cows. If we consider selecting for DMI using an index of dairy strength and angularity, with the index weights for dairy strength and angularity determined by standard procedures for calculating index weights from the genetic parameters, then the response in DMI from selecting on the index is 96% of the response in DMI from selecting directly on the cow's DMI record (Table 5) . That is to say, CR/R is 0.96, where CR is the response in DMI from selecting on the index and R is the response in DMI from selecting on DMI. Hence, it is better to use these two type traits together in an index rather than just dairy strength on its own which gave a CR/R = 0.87. Furthermore, when stature was added to the two-trait index, the resulting response increased from 0.96 to 1.01. These findings suggest that type traits appear to have the potential to predict DMI as a combination of two or more traits.
When MY was added to the index of type traits, the efficiency and accuracy of indices improved substantially. For instance, for the index (to predict DMI) including MY, dairy strength, angularity, and stature, the CR/R = 1.59 and the accuracy of the index is 0.55. The accuracy values for the prediction of DMI in cows are comparable to those reported by Manzanilla-Pech et al. (2016) . In this context, Veerkamp et al. (1994) argued that the breeding goal, being a function of production, feed intake, efficiency, health, and reproduction, could be predicted by a combination of pedigree index, live weight, and linear type traits. However, their data/results were not conclusive enough to develop a selection index for predicting feed intake. Zom et al. (2012) compared various models to predict feed intake in dairy cows and suggested that a model based on feed composition and digestibility and the cow's lactation number, stage of lactation, and pregnancy would be more suitable; however, all models were associated with large random error for the prediction of DMI for an individual cow. Manafiazar et al. (2016) reported moderate to strong phenotypic and genetic correlations of lactation DMI with conformation, udder depth, body depth, angularity, stature, height at front, dairy strength, rear attachment width, and chest width (0.24-0.68). Manzanilla-Pech et al. (2016) also concluded that various traits related to feed intake (DMI, residual feed intake, milk energy output, MY, body weight, and metabolic body weight) in dairy cows showed moderate to high genetic associations with conformation traits (stature, chest width, body depth, and BCS) in the Netherlands and the United States, making them potentially useful as predictors of DMI.
The values in Table 5 are relevant to the scenario of selecting cows for DMI on the basis of their phenotypic records for the type traits, their 305-d milk record, or their various combinations, and the cow's correlated response in DMI is measured relative to the response in DMI that would be obtained if selection was on the cow's record for DMI. Another scenario that may be considered is that selection for DMI may also be carried out among bulls and, in this case, accurate estimates of breeding values for MY and type traits are usually available for the bulls. Therefore, a bull selection index for DMI can be constructed using these breeding values as the traits in the index. In this case, assuming that the breeding values are estimated with high accuracy, the equation for the accuracy of the index, r AI , is as before except P is replaced with A, the matrix of additive genetic variances and covariances of the traits in the index. For such a scenario, using an index of dairy strength, angularity, and stature, and using the estimates of genetic parameters of the present study, the accuracy of the index, r AI , would be 0.64. Further, if MY is added to the index as an additional trait, the accuracy of the index would increase to 0.90. In other words, the correlated response in DMI for selecting on the index would be 90% of the response in DMI that would be obtained if selection was directly on the bull's breeding value for DMI was to be known with high accuracy (which would require for feed intake to be measured on a very large number of his daughters, for example). In a similar situation, accuracy values close to these values were reported by Veerkamp and Brotherstone (1997) and Manzanilla-Pech et al. (2016) . Expected efficiencies over 100% in indirect selection can occur when the heritability of the direct trait is lower than that of predictor traits and genetic correlations between traits are high. Heritability of DMI in the present study was lower than in some other studies reported in the literature and results may require further validation.
In more recent years, further novel ways of evaluating animal for DMI are being explored such as genomic evaluation of breeding values for DMI based on genotyping candidates for selection allied to marker effects on DMI measured in small reference experimental populations in which feed intake is accurately measured (de Haas et al. 2012; Pryce et al. 2012; Yao et al. 2013) . Accuracies for prediction of breeding values for DMI usually ranging from about 0.18 to about 0.50 have been reported in such studies. Further efforts to facilitate estimation of breeding values for DMI include the development of novel, inexpensive, and easy to apply methods of measuring DMI in animals such as the prediction of DMI of cows from milk samples using mid-infrared spectrometry (McParland et al. 2015) .
Partial genetic correlations
To investigate the possibility of autocorrelation between feed intake and type traits due to positive correlations of feed intake with MY, partial genetic correlation was calculated between DMI and type traits adjusted for MY (Table 6 ). The partial genetic correlation between DMI and angularity adjusted for MY was reduced to 0.29 (from 0.60) indicating that about half of the positive genetic association between the two traits was due to its positive association with MY. Interestingly, the partial genetic correlation between DMI and dairy strength adjusted for MY (0.67) showed an increase from the original correlation (0.54) suggesting a strong positive independent genetic correlation between DMI and dairy strength. Partial genetic correlations between DMI and other type traits (adjusted for MY) also showed increases from original values indicating a moderate to high genetic association between feed intake and type traits which is independent from MY. These findings suggest that dairy strength may be the best choice for use in indirect selection for feed intake followed by stature and body depth, final score, and angularity.
Partial genetic correlation between BCS and MY adjusted for DMI was smaller (−0.44) than the original genetic correlation (−0.38) indicating a moderate independent negative genetic association between MY and BCS. Therefore, a selection program based on milk production is likely to negatively affect BCS of first lactation cows. Interestingly, partial genetic correlation between BCS and DMI adjusted for MY was positive (0.27), although the original correlation between BCS and DMI was negative (−0.14), suggesting an independent positive genetic association between BCS and DMI. The magnitude and direction of the partial genetic correlation between BCS and DMI (0.27) make sense, as once variation in DMI associated with MY is accounted for BCS should then increase with increase in feed intake; however, it seems that the demand for DMI for milk synthesis during lactation results in the negative genetic correlation (−0.14) being observed between BCS and DMI.
Conclusion
Most of the type traits considered in this study showed moderate to strong favorable genetic correlations with feed intake. Therefore, type traits (especially dairy strength), being routinely recorded and more heritable than feed intake traits, might be useful in an index for indirect selection for feed intake in dairy cattle. It appears from the current study that more angular, deeper, and taller cows and cows with better score for dairy strength would have higher feed intakes. This study also confirms that genetic variation exists for feed intake among cows at commercial level and genetic improvement is possible for feed intake. 
